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© To provide a high-yield-ratio hot-rolled high-strength steel sheet which is excellent in formability and spot 
weldabiiity and contains at least 5 % of retained austenite and a process for producing the same. A high-yield- 
ratio hot-rolled high-strength steel sheet which contains as the main components either 0.05 to less than 0.16 wt 
% or 0.16 to less than 0.30 wt % of carbon, 0.5 to 3.0 wt % of silicon, 0.5 to 3.0 wt % of manganese, more than 
1.5 to 6.0 wt % of silicon and manganese in total, 0.02 wt % or less of phosphorous, 0.01 wt % or less of sulfur, 
0.005 to 0.10 wt % of aluminum, and iron, and has a microstructure constituted of three phases of ferrite, bainite 
and retained austenite. a ratio of the space factor (V F ) of ferrite to the grain diameter (6?) thereof of 20 or above 
(or 7 or above when the carbon content is 0.16 to less than 0.30 wt %), a space factor of the retained austenite 
with a grain size of 2 urn or less of 5 % or above, a yield ratio (YR) of 60 % or above, a strength-ductility 
balance (tensile strength times total elongation) of 2,000 kgf/mm 2 .% or above, a hole expansion ratio (d/do) of 1.4 
or above (or 1.1 or above when the carbon content is 0.16 to less than 0.30 wt %), and a uniform elongation of 
15 % or above (or 10% or above when the carbon content is 0.16 to less than 0.30 wt %). 
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Technical Field 

The present invention relates to a hot rolled high strength steel sheet (plate) with a high ductility and an 
excellent formability or excellent formability and spot weldability, directed to use in automobiles, industrial 
5 machines, etc. and to a process for producing the same. 

Background Art 

(Prior Art) 

Due to keen demands for lighter weight of automobile steel sheets and safety assurance at collisions of 
automobiles as main backgrounds, higher strength is required for steel sheets. However, workability is 
required even for the high strength stee! sheets, and steel sheets capable of satisfying the requirements for 
both of the strength and the workability are in keen demand. Heretofore, dual phase steel (which will be 
hereinafter referred to as "DP steel") comprising ferrite and martensite has been proposed for hot rolled 
steel sheets for use in the field that has required a good ductility. It is known that DP steel has a better 
strength-ductility balance than those of solid solution-intensified, high strength steel sheets and precipita- 
tion-intensified, high strength steel sheets, but its strength-ductility balance limit is at TS x T.EI < 2,000. 
That is, DP steel fails to meet more strict requirements in the current situations. 

As seeds capable of meeting the requirements in the current situations to attain TS x T.EI > 2,000, it 
has been proposed to utilize retained austenite. For Example, Japanese Patent Application Kokai (Laid- 
open) No. 60-43425 discloses a process for producing a steel sheet containing retained austenite, which 
comprises hot rolling a steel sheet in a temperature range of Ar 3 to Ar 3 + 50 *C. retaining the steel sheet in 
a temperature range of 450 to 650 *C for 4 to 20 seconds and coiling it at a temperature of not more than 
350 *C, and also Japanese Patent Application Kokai (Laid-open) No. 60-165320 discloses a process for 
producing a steel sheet containing retained austenite, which comprises conducting high reduction rolling of 
a steel sheet at a finishing temperature of not less than 850 *C, at an entire draft of at least 80 %, a total 
draft of at least 60 % for final three passes and a draft of at least 20 % for the ultimate pass, and then 
conducting cooling to 300 * C or less at a cooling speed of at least 50 w C/s. 

However, these conventional processes are not preferable in practice from the viewpoints of energy 
saving and productivity improvement, because of retention at 450 to 650 • C for 4 to 20 seconds during the 
cooling, coiling at a low temperature such as 350 °C or less, high reduction rolling, etc. Furthermore, the 
workability of the steel sheets produced by these processes is at TS x T.EI < 2,400, which would not 
always have fully satisfied the level required by users. That is, steel sheets having a higher TS x T.EI 
(desirably more than 2,400) and a high productivity process for producing such steel sheets have been still 
in demand. On the other hand, in view of the actual formability, not only a good strength-ductility balance, 
but excellent uniform elongability (stretchability), enlargeability or hole expansibility (enlargeability into a 
flange shape), bendability, secondary workability, and toughness are also required. Furthermore, in the 
service field of these steel sheets, spot welding is more and more used, and thus an excellent spot 
weldability is also required. Still furthermore, not only a higher tensile strength, but also a higher yield ratio 
(higher yield strength) is required from the viewpoint of strength assurance. 

That is, the field of actual applications can be considerably broadened by satisfying these requirements 
at the same time. 

45 (Problems to be solved by the invention) 

The present invention provides a hot rolled, high strength steel sheet having an excellent workability, 
containing retained austenite and being capable of attaining TX x T.EI £ 2,000, which is over the limit of the 
prior art, and also a process for producing the same. Furthermore, the present invention provides a hot 
so rolled, high strength steel sheet having an excellent formability (strength-ductility balance, uniform elon- 
gability, enlargeability, bendability, secondary workability and toughness), a high yield ratio and an excellent 
spot weldability at the same time and also a process for producing the same. 

Disclosure of Invention 

55 

To solve the above-mentioned problems, the present inventions use the following means (1) to (20): 
(1) A high yield ratio-type, hot rolled high strength steel sheet excellent in both of formability and spot 
weldability, characterized by containing 0.05 to less than 0.16 % by weight of C, 0.5 to 3.0 % by weight 
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of Si, 0.5 to 3.0% by weight of Mn. more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
Fe being the main component, as chemical components, being composed of three phases of ferrite, 
bainite and retained austenite as microstructure, and having a ferite grain size (d F ) of not more than 5um, 

5 a ratio (Vp/dp) of ferrite volume fraction (V F ) to ferrite grain size (d F ) of not less than 20, a volume fraction 
of retained austenite having a grain size of not more than 2um being not less than 5 %, and a yied ratio 
(YR) of not less than 60 %, a strength-ductility balance (tensile strength x total elongation) of not less 
than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1.4, and a uniform elongation of not 
less than 15 % as characteristics. 

w (2) A high yield ratio-type, hot rolled high strength steel sheet excellent in both of formability and spot 
weldability, characterized by containing 0.05 to less than 0.16 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0% by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more, 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and 

75 inevitable elements, as chemical components, being composed of three phases of ferrite, bainite and 
retained austenite as micro-structure, and having a ferite grain size (d F ) of not more than 5um, a ratio 
(Vp/dF) of ferrite volume fraction (V F ) to ferrite grain size (d F ) of not less than 20, a volume fraction of 
retained austenite having a grain size of not more than 2um being not less than 5 %, and a yied ratio 
(YR) of not less than 60 %, a strength-ductility balance (tensile strength x total elongation) of not less 

20 than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1.4, and a uniform elongation of not 
less than 15 % as characteristics. 

(3) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d c ) of not less 

25 than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 
by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 
and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, in an end 

30 temperature range of Ar 3 ± 50- C at an entire draft of not less than 80 % and an ultimate pass strain 
speed of not less than 30/second, conducting cooling at a hot run table at a rate of not less than 
30*C/second, and conducting coiling at a temperature of more than 350 *C to 500 °C. 

(4) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 

35 strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d G ) of not less 
than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 
by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 

ao and 0.005 to 0.10 % by weight of Al, and 0.005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight 
of REM, the balance being Fe and inevitable elements, as chemical components, in an end temperature 
range of Ar 3 ± 50 *C, at an entire draft of not less than 80 % and an ultimate pass strain speed of not 
less than 30/second, conducting cooling at a hot run table at a rate of not less than 30*C/second, and 
conducting coiling at a temperature of more than 350 • C to 500 * C. 

45 (5) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d c ) of not less 
than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 

so by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 
and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, at an end 
temperature of not less than Ar3-50 *C, at an entire draft of not less than 80 % and an ultimate pass 
strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 

55 in a range of not more than Ar 3 to more than An at a rate of less than 30 • C/second, and from Ti 
downwards at a rate of not less than 30 'C/second, and conducting coiling at a temperature of more than 
350-C to 500-C. 
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(6) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d G ) of not less 
than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot voidability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 
by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 
and 0.005 to 0.10 % by weight of Al, and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by 
weight of REM, the balance being Fe and inevitable elements, as chemical components, at an end 
temperature of not less than Ar 3 -50°C, at an entire draft of not less than 80 % and an ultimate pass 
strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 
in a range of not more than Ar 3 to more than Ah , at a rate of less than 30 • C/second, and from Ti 
downwards at a rate of not less than 30 * c/second, and conducting coiling at a temperature of more than 
350 °C to 500 °C. 

(7) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an. 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less 
than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 
by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 
and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, at an end 
temperature of not less than Ar 3 -50°C, at an entire draft of not less than 80 % and an ultimate pass 
strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 
in a range of not more than Ar 3 to more than An at a rate of not less than 30° C/second, and from Ti 
downwards at a rate of less than 30° C/second, and furthermore from a temperature. T 2 in a range of not 
more than Ti to more than Ah and downwards at a rate of not less than 30 -C/second, and conducting 
coiling at a temperature of more than 350 • C to 500 • C. 

(8) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d D ) of not less 
than 1.4 and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized 
by conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % 
by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of S, 
and 0.005 to 0.10 % by weight of Al, and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by 
weight of REM, the balance being Fe and inevitable elements, as chemical components, at an end 
temperature of not less than Ar 3 -50*C, at an entire draft of not less than 80 % and an ultimate pass 
strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 
in a range of not more than Ar 3 to more than Ah at a rate of not less than 30 • C/second, and from Ti 
downwards at a rate of less than 30* C/second, and furthermore from a temperature T 2 in a range of not 
more than Ti to more than Ah and downwards at a rate of not less than 30° C/second, and conducting 
coiling at a temperature of more than 350 ° C to 500 • C. 

(9) A high yield ratio-type, hot rolled high strength steel sheet excellent in formability, characterized by 
containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight 
of Mn, more than 1 .5 to 6.0 % by weight of Si and Mn in total, not more than 0.02 % by weight of P, not 
more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, Fe being the main component, 
as chemical components, being composed of three phases of ferrite, bainite, and retained austerite as 
microstructures, and having a ferrite grain size (d F ) of not more than 5um, a ratio (V F /d F ) of ferrite volume 
fraction (V F ) to ferrite grain size (d F ) of not less than 7, a volume fraction of retained austerite having a 
grain size of not more than 2um being not less than 5 %, and a yied ratio (YR) of not less than 60 %, a 
stregth-ductility balance (tensile strength x total elongation) of not less than 2,000 (kgf/mm 2 . %), an 
enlargement ratio (d/d 0 ) of not less than 1.1, and a uniform elongation of not less than 10 % as 
characteristics. 

(10) A high yield ratio-type, hot rolled high strength steel sheet excellent in formability, characterized by 
containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight 
of Mn, more than 1 .5 to 6.0 % by weight of Si and Mn in total, not more than 0.02 % by weight of P, not 
more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, and 0.0005 to 0.01 % by weight 
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of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and inevitable elements, as chemical 
components, being composed of three phases of ferrite, bainite, and retained austerite as microstruc- 
tures, and having a ferrite grain iize (d F ) of not more than 5um, a ratio (V F /d F ) of ferrite volume fraction 
(V F ) to ferrite grain size (d F ) of not less than 7, a volume fraction of retained austerite having a grain size 
5 of not more than 2um beig not less than 5 %, and a yield ratio (YR) of not less than 60 %, a strength- 
ductility balance (tensile strength x total elongation) of not less than 2,000 (kgf/mm 2 . %), an enlargement 
ration (d/d 0 ) of not less than 1.1, and a uniform elongation of not less than 10 % as characteristics. 

(11) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 

10 strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less 
than 1.1, and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 
slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 
more than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 

75 of Al, Fe being the main component, as chemical components, in an end temperature range of Ar 3 ± 
50 *C at an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 
30/second, conducting cooling at a hot run table at a rate of not less than 30°C/second, and conducting 
coiling at a temperature of more than 350 • C to 500 • C. 

(12) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
20 excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 

strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d c ) of not less 
than 1 .1, and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 
slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 

25 more than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 
of Al, and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe 
and inevitable elements, as chemical components, at an end temperature range of Ar 3 ± 50 *C at an 
entire draft of not less than 80 % and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table at a rate of not less than 30 'C/second, and conducting coiling at a 

30 temperature of more than 350 • C to 500 • C. 

(13) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d c ) of not less 
than 1.1, and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 

35 slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 
more than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 
of Al, Fe being the main component, as chemical components, at an end temperature of not less than 
Ar 3 -50 - C, at an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 

40 30/second, conducting cooling at a hot run table down to a temperature Ti in a range of not more than 
Ar 3 to more than An at a rate of less than 30 • C/second, and from Ti downwards at a rate of not less 
than 30° C/second, and conducting coiling at a temperature of more than 350 - C to 500 *C. 

(14) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 

45 strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d D ) of not less 
than 1.1, and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 
slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 
more than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 

so of Al, and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe 
and inevitable elements, as chemical components, at an end temperature of not less than Ar 3 -50 "C, at 
an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table down to a temperature Ti ina range of not more than Ar 3 to more 
than An , at a rate of less than 30 • C/second and from Ti downwards at a rate of not less than 

55 30 • C/second, and conducting coiling at a temperature of more than 350 * C to 500 # C. 

(15) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strength x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less 
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than 1.1, and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 
slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 
more than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 
of Al, Fe being the main component, as chemical components, at an end temperature of not less than 
Ai 3 -50-C at an entire draft of not less than 80 %, and an ultimate pass strain speed of not. less than 
30 second, conducting cooling at a hot run table down to a temperature T1 in a range of not more than 
Arj to more than An at a rate of not less than 30*C/second, from Ti downwards at a rate of less than 
30 -C second, and furthermore from a temperature T 2 in a range of not more than T n to more than An 
and downwards at a rate of not less than 30°C/second, and conducting coiling at a temperature of more 
than 350 *C to 500 *C. 

(16) A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an 
excellent formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile 
strongth x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d G ) of not less 
than 1 1. and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a 
slab prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by 
weight cf Si, 0.5 to 3.0 °o by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not 
more than 0.02 °« by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight 
of Al. and 0 0005 to 0 01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe 
and inevitable elements, as chemical elements, at an end temperature of not less than Ar 3 -50*C at an 
entire draft of not less than 80 %, and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table down to a temperature T1 in a range of not more than Ar 3 to more 
than An at a rate of not less than 30'C/second, from T1 downwards at a rate of less than 30*C/second, 
and furthermore from a temperature T 2 in a range of not more than Ti to more than An and downwards 
at a rate of not less than 30°C/second, and conducting coiling at a temperature of more than 350 "C to 
500 • C. 

(17) A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in both 
of formability and spot weldability according to any one of the above mentioned items (3) to (8), 
characterized in that the hot finish-rolling initiation temperature of the steel is not more than Ar 3 + 
100 

(18) A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in both 
of formability and spot weldability according to any one of the above mentioned items (3) to (8), 
characterized in that after the coiling the steel sheet is cooled to 200 *C or less at a cooling speed of not 
less than 30 • C/hour. 

(19) A process for producing a high yield ratio-type, hot rolled high strength steel excellent in formability 
according to any one of the above mentioned items (11) to (16), characterized in that the hot finish-rolling 
initiation temperature of the steel is not more than Ar 3 + 100 • C. 

(20) A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in 
formability according to any one of the above mentioned items (11) to (16), characterized in that after the 
coiling the steel sheet is cooled to 200 • C or less at a cooling speed of not less than 30 0 C/hour. 

(Function) 

As a result of extensive tests and studies, the present inventors have soived the problems of the prior 
art and have found a hot rolled high strength steel sheet having an excellent formability, a high yield ratio 
and an excellent spot weldability together and a process for producing the same. 

Firstly, the microstructure of a steel sheet that can meet an excellent formability and a high yield ratio 
at the same time must be composed of three phases of ferrite, bainite and retained austerite, where the 
retained austerite has grain sizes of not more than 2um at a volume fraction of not less than 5 %; ferrite 
grain size (d F ) is not more than Sum; and V F /d F (V F : ferrite volume fraction in %, d F : ferrite grain size in urn) 
is not less than 20 (or not less than 7 when C is in a range of 0.16 to less than 0.3 % by weight, becuase 
finer retained austerite grins can be readily formed). 

In Table 1, their relations are shown, and their points are summarized in the following items ® to (3): 
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© Increase in the retained austerite contributes to improvements of strength-ductibity balance and 
uniform elongation, and its effect is enhanced by making the retained austerite grains finer. By making 
the retained austerite grains finer, the enlargeability or the hole expansibility, bendability, secondary 
workability and toughness can be maintained in an excellent level. That is, by making the content of 
retained austerite 5 % or more and the grain size not more than 2um, an excellent strength-ductility 
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balance, an excellent uniform elongation, an excellent enlargeability, an excellent bendability, an 
excellent secondary workability and an excellent toughness can be obtained at the same time. 
© Increase in Vp/dF contributes to improvements of the secondary workability and toughness and an 
increase in the yield ratio through an increase in the ferrite volume fraction and finer ferrite grain size (d F 
£ Sum). 

(§) By making the microstructure composed of three phases of ferrite, bainite and retained austerite, that 
is, by avoiding the inclusion of fearlite and martensite, the enlargeability, bendability, secondary 
workability and toughness can be maintained at an excellent level, whereby a high yield ratio can be also 
maintained. 

Secondly, in order to contain retained austerite at a volume fraction of not less than 5 %, as shown in 
Figs. 1 and 2, it is necessary to control a Si content to 0.5-3.0 % by weight, a Mn content to 0.5 to 3.0 % 
by weight, and a Si + Mn content to more than 1.5 to 6.0 % by weight, and make a Vp/dp ratio not less 
than 20, in case of 0.05 to less than 0.16 % by weight of C, and to control a Si content to 0.5 to 3.0 % by 
weight, a Mn content to 0.5 to 3.0 % by weight and a Si + Mn content to more than 1.5 to 6.0 % by weight 
and make a V F /d F not less than 7, in case of 0.16 to less than 0.30 % by weight of C. In order to make the 
retained austerite grain size not more than 2um, it is necessary to make a finish-rolling ultimate pass strain 
speed not less than 30/second, as shown in Fig. 3. 

Thirdly, in order to obtain a best spot weldability (inside-nugget breakage = 0), it is necessary that a C 
content is less than 0.16 % by weight, a Si + Mn content is not more than 6 % by weight, a Si content and 
a Mn content are each not more than 3.0 % by weight and a P content is not more than 0.02 % by weight, 
as shown in Fig. 4. 

Fouthly, in the case that a very stringent surface property is required, it is effective to control the 
heating temperature to not more than 1 ,170 • C and a Si content to 1 .0 to 2.0 % by weight. 

Fifthly, in order to obtain an excellent enlargeability (d/d G £ 1.4). it is necessary to make a C content 
less than 0.16 % by weight and a S content not more than 0.01 % by weight, and it is also effective to add 
Ca or REM thereto, as shown in Fig. 5. In order to obtain a particularly excellent enlargeability (d/d c £ 1.5). 
it is further necessary to make a C content less than 0.10 % by weight. 

That is, various combined characteristics required for a hot rolled high strength steel sheet can be 
satisfied only by strict component control and strict structure control according to the present invention. 

The present inventors have made further studies of hot rolling ocnditions for obtaining the above- 
mentioned micorstructure and have found a process for producing a hot rolled high strength steel sheet. 

At first, component control values and the reasons for the control will be explained below. 

Not less than 0.05 % by weight of C must be added to assure the retained austerite (which will be 
hereinafter referred to as "retained 7"). In order to prevent embrittlement at the welded parts, thereby 
obtaining the best spot weldability and to obtain an excellent enlargeability (d/d G ) of not less than 1.4. and 
upper limit of C content must be less than 0.16 % by weight. When a best enlargeability. d/d D £ 1.5 is 
needed, the upper limit must be less than 0.10 % by weight. C is also a reinforcing element, and the tensile 
strength will be increased with increasing C content, but d/d D will be lowered at the same time, rendering 
the spot weldability inevitably disadvantegeous. 

Si and Mn are reinforcing elements. Si also promotes formation of ferrite (which will be hereinafter 
referred to as "a"), thereby suppressing formation of carbides. Thus, it has an action to assure the retained 
y . Mn has an action to stabilize y to assure the retained 7. In order to fully perform the functions of Si and 
Mn, it is necessary to control the individual lower limits of Si and Mn and also the lower limits of Si + Mn at 
the same time. That is, it is necessary to control the individual lower limits of Si and Mn to not less than 0.5 
% by weight and the lower limit of Si + Mn to more than 1.5 % by weight. Even excessive addition of Si 
and Mn saturates the above-mentioned effects, resultnig in deterioration of weldability and slab cracking to 
the contrary, and thus it is necessary that the individual upper limits of Si and Mn are not more than 3.0 % 
by weight and the upper limit of Si + Mn is not more than 6.0 % by weight. When a particularly excellent 
surface state is required, it is desirable taht a Si content is 1.0 to 2.0 % by weight. 

P is effective for assuring the retained 7, and in the present invention, the upper limit thereof is set to 
0.02 % by weight to keep the best secondary workability, toughness and weldability. When the require- 
ments for these characteristics are not sostrict, up to 0.2 % by weight of P can be added to increase the 
retained 7. 

Upper limit of S is set to 0.01 % by weight to prevent deterioration of enlargeability due to the sulfide- 
based materials. 

Not less than 0.005 % by weight of Al is added for deoxidization and to increase the a volume fraction 
by making 7 grains finer by AIN, make a grans finer, and increse the retained 7 and make the retained 7 
grains finer, and the upper limit is set to 0.10 % by weight because of saturation of the effects. Up to 3 % 
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by weight of Al may be added to promote an increase in the retained 7. 

Not less than 0.0005 % by weight of Ca is added to control the shape of sulfide-based materials 
(spheroidization), and its upper limit is set to 0.01 % by weight because of saturation of the effects and 
adverse effect due to an increase in the sulfide-based materials (deterioration of enlargeability). For the 
5 same reason, an REM content is set to a range of 0.005 to 0.05 % by weight. 

The foregoing is reasons for addition of the main components. At least one of Nb, Ti, Cr, Cu, Ni, V, B, 
and Mo may be added in such a range as to assure the strength and make the grains finer, but not as to 
deteriorate the characteristics. 

From the viewpoint of how to obtain the above-mentioned microstructure, values for heating control, 
10 rolling control, cooling control, coiling control, etc. and reasons for the control will be explained below. ■ 

In order to prevent deterioration of workability due to the appearance of working structure (working a), 
particularly the deterioration of strength-ductility balance (deterioration of elongation), the lower limit of 
finish-rolling end temperature is set to Ar 3 -50 •C. In case of one-stage cooling (Fig. 6). the upper limit of 
finish-rolling ond temperature is set to Ar 3 +50*C to assure the effect on an increase in the a volume 
75 fraction, tho effoct on making the or grains finer, and the effect on an increase in the retained 7 finer grains 
in the roll.ng step. In case of 2-stage cooling and 3-stage cooling (Fig. 6), as will be explained later, the 
effect on an increase in the a volume fraction, the effect on making the a grains finer and the effect on an 
increase in the retained 7 finer grains can be expected in the cooling step, and thus it is not necessary to 
set the upper limit of finish-rolling end temperature, but the upper limit is preferably set to Ar 3 + 50 0 C in 
20 more improve the above-mentioned effects. 

The entire draft of finish-rolling must be not less than 80 % to assure the effect on an increase in the a 
volume fraction, the effect on making the a grains finer and the effect on an increase in the retained 7 finer 
grains, and preferably the individual draft of 4 passes on the preceding stage must be not less than 40 %. 

The ultimate pass strain speed of finish-rolling must be not less than 30/second to assure the effect on 
25 making the q grains finer and the effect on an increase in the retained 7 finer grains. 

The lower limit of cooling rate of the one-stage cooling shown in Fig. 6 must be 30° C/second to 
prevent formation of pearlite. 

In the two-stage cooling shown in Fig 6, the first stage cooling must be carried out down to not more 
than Ar 3 at a cooling rate of less than 30° C/second to obtain the effect on an increase in the a volume 
30 fraction and the effect on an increase in the retained 7 finer grains. The second stage cooling must be 
started from a temperature of more than An at a cooling rate of not less than 30 0 C/second to prevent 
formation of pearlite. It is not objectionable to keep the temperature constant in a temperature range of not 
more than Ar 3 to more than An . In order to maintain a TRIP phenomenon in a wide range of the strain 
region and obtain excellent characteristics, it is desirable to set the first stage cooling rate to 5- 
35 20* C/second. 

In the three-stage cooling shown in Fig. 6, the first stage cooling must be carried out to not more than 
Ar 3 at a cooling rate of not less than 30 'C/second to make the a grains finer. The second stage cooling is 
carried out at a cooling rate of less than 30° C/second to obtain the effect on an increase in the a volume 
fraction and the effect on an increase in the retained 7 finer grains, and the third stage cooling must be 

40 started from more than An at a cooling rate of not less than 30 ' C/second to prevent formation of pearlite. It 
is not objectionable to keep the temperature constant in a range of not more than Ar 3 to more than An . In 
order to maintain a TRIP phenomenon in a wide range of strain region and obtain excellent characteristics, 
it is desirable to set the second stage cooling rate to 5-20 • C/second. 

In any of the one-stage cooling, two-stage cooling and three-stage cooling, quenching may be carried 

45 out just after the rolling to obtain the effect on an increase in the a volume fraction, the effect on making a 
grains finer and the effect on an increase in the retained 7 finer grains or further to reduce the length of the 
cooling table. 

Lower limit of coiling temperature must be more than 350 *C to prevent formation of martensite and 
assure the retained 7. Its upper limit must be less than 500 *C to prevent formation of pearlite, suppress 
so excessive bainite transformation and assure the retained 7. 

The foregoing is reasons for control in the present process. In order to improve the effect on an increse 
in the a volume fraction, the effect on making the a grains finer and the effect on an increase in the retained 
7 finer grains, means such as ® to set the upper limit of the heating temperature to 1.170 °C, © to set the 
finish-rolling initiation temperature to not more than "rolling end temperature + 100-C", etc. may be carried 
55 out alone or in combination. The upper limit of the heating temperature may be set of 1,170 *C to anssure 
the best surface property. 

Furthermore, cooling after the coiling may be spontaneous cooling or forced cooling. In order to 
suppress excessive bainite transformation and improve the effect on assuring the retained 7 grains, cooling 
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may be carried out down to less than 200 °C at a cooling rate of not less than 30-C/hour. Cooling may be 
carried out in combination with the above-mentioned heating temperature control and finish-rolling initiation 
temperature control. 

Slabs for use in the rolling may be any of the so called reheated cold slabs, HCR and HDR, or may be 
5 slabs prepared by so called continous sheel casting. 

Hot rolled steel sheets obtained according to the present invention may be used as plates for plating. 

Brief Description of Drawings 

J?. Fig. 1 is a diagram showing conditions for making retained 7 not less than 5 %. 
Fig. 2 is a diagram showing conditions for making retained 7 not less than 5 %. 

Fig. 3 is a diagram showing conditions for making retained 7 grains having grain sizes of not more than 
2am not loss than 5 %. 

Fig. 4 is a diagram showing conditions for improving the spot weldability. 
v, Fig. 5 is a diagram showing conditions for improving an enlargement ratio. 
Fig. 6 is a diagram showing cooling steps at a cooling table. 

Best Modes for Carrying Out the Invention 

?o Fxamples are shown below. 

Chemical components other than Fe of steel test pieces are shown in Table 2. 

Hot rolled steel sheets according to Examples of the present invention and Comparative Examples are 
shown in Tables 3 and 4. 
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Nos. 1 to 18 relate to examples of the present invention, where high yield ratio-type, hot rolled high 
strength steel sheets excellent in both of formability and spot weldability could be obtained. However, No. 
65 16 and No. 18 had a somewhat lower spot weldability due to a higher C content, but had a good workability. 

Good surface property was obtained. Particularly good surface property was obtained in Nos. 1, 3, 5, 
and 7 to 16, because the Si content was in a range of 1.0 to 2.0 % by weight. 
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Nos. 19 to 23 relate to Comparative Examples, where No. 19 had lower Si content and Si + Mn content 
than the lower limit, and no retained 7 was obtained and both strength-ductility balance and uniform 
elongation were deteriorated; No. 20 contained pearlite and lower retained 7 content than 5 %, and thus the 
strength-ductility balance, uniform elongation, enlargeability, bendability, secondary workability and tough- 

5 ness were deteriorated; No. 21 contained martensite and had lower retained 7 content than 5 %, and the 
strength-ductility balance, uniform elongation, enlargeability, bendability, secondary workability and tough- 
ness were deteriorated, and the yield ratio was lower than 60 %; No. 22 maintained 5 % of retained 7 
content, but its grain size was more than 2um, and thus the strength-ductility balance, uniform elongation, 
enlargeability, bendability, secondary workability and toughness were deteriorated; and No. 23 had a higher 

10 C content than the upper limit and thus the spot weldability and enlargeability were deteriorated. 

Even in the steel species G-L, R-V and X of Table 2, high yield ratio, hot rolled high strength steel 
sheets excellent in both of formability and spot weldability could be obtained, and their surface states were 
also better. 

Processes for producing hot rolled steel sheets according to examples of the present invention and 
15 comparative examples are shown in Table 5 to 10. 
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Tables 5 and 6 show processes for producing a hot rolled steel sheet in case of one-stage cooling at 
55 the cooling table according to the present examples and comparative examples, shown in Fig. 6. 

Nos. 24 to 30 relate to examples of the present invention, where high yield ratio-type, hot rolled high 
strength steel sheets excellent in both of formarbility and spot weldability could be obtained and their 
surface states were found better. 
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Nos. 31 to 35 relate to comparative examples, where No. 31 had a lower rolling end temperature than 
the lower limit and a higher coiling temperature than the upper limit, and thus a working structure (working 
a) and pearlite were formed, and not less than 5 % by weight of retained 7 having grain sizes of not more 
lhan 2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, 

5 enlargeability, bendability, secondary workability and toughness were deteriorated; No. 32 had a lower 
finish-rolling ultimate pass strain speed than the lower limit and a lower cooling rate than the lower limit, 
resulting in formation of pearlite, and not less than 5 % of retained 7 having grain sizes of not more than 
2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, enlar- 
geability. bendability, secondary workability and toughness were deteriorated; No. 33 had a higher coiling 

70 temperature than the upper limit, resulting in formation of pearlite, and not less than 5 % of retained 7 
having grain sizes of not more than 2um could not be obtained, and, as a result, the strength-ductility 
balance, uniform elongation, enlargeability, bendability, secondary workability and toughness were deterio- 
rated; No. 34 had a lower coiling temperature than the lower limit, resulting in formation of martensite, and 
not less than 5 °o of retained 7 having grain sizes of not more than 2um could not be obtained, and, as a 

75 result, the strength-ductihty balance, uniform elongation, enlargeability, bendability, secondary workability 
and toughness were deteriorated, and the yield ratio was lower than 60 %; and No. 35 had a higher finish- 
rolling end temperature than the upper limit and a lower finish-rolling ultimate pass strain speed than the 
lower limit, resulting in failure to attain such a relationship as V F /d F £ 20, and not less than 5 % of retained 
7 having grain sizes of not more than 2um could not be obtained, and, as a result, the strength-ductility 

20 balance, uniform elongation, secondary workability and toughness were deteriorated. 

Tables 7 and 8 show processes for producing hot rolled steel sheets in case of two-stage cooling at the 
cooling table according to the present examples and comparative examples, as shown in Fig. 6. 

Nos. 36 to 41 relate to examples of the present invention, where high yield ratio-type, hot rolled high 
strength steel sheets excellent in both of formability and spot weldability could be obtained and their 

25 surface states were found better. 

Nos. 42 to 47 relate to comparative examples, where No. 42 had a lower finish-rolling end temperature 
than the lower limit and a higher coiling temperature than the upper limit, resulting in formation of working 
structure (working a) and pearlite, and not less than 5 % of retained 7 having grain sizes of not more than 
2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, enlar- 

30 geability, bendability, secondary workability and toughness were deteriorated: No. 43 had a lower entire 
draft of finish-rolling than the lower limit, resulting in failure to attain such a relation as V F /d F £ 20, and not 
more than 5 % of retained 7 having grain sizes of not less than 2um could not be obtained, and, as a 
result, the strength-ductility balance, uniform elongation, secondary workability and toughness were deterio- 
rated; No. 44 had a higher cooling rate at the first stage than the upper limit, resulting in failure to attain 

35 such a relation as V F /d F £ 20, and not less than 5 % of retained 7 having grain sizes of not more than 2um 
could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, secondary 
workability and toughness were deteriorated; No. 45 had a lower cooling rate at the second stage than the 
lower limit, resulting in formation of pearlite, and not more than 5 % of retained 7 having grain sizes of not 
more than 2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, 

40 enlargeability, bendability, secondary workability and toughness were deteriorated ; No. 46 had a lower 
finish-rolling ultimate pass strain speed than the lower limit and a higher coiling temperature than the upper 
limit, resulting in formation of pearlite, and not less than 5 % of retained 7 having grain sizes of not more 
than 2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, 
enlargeability, bendability, secondary workability and toughness were deteriorated; and No. 47 had a higher 

45 cooling end temperature (cooling rate shift temperature T1 ) at the first stage than the upper limit, resulting 
in failure to attain such a relation as V F /d F £ 20, and not less than 5 % of retained 7 having grain size of not 
more than 2um could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, 
secondary workability and toughness were deteriorated. 

Tables 9 and 10 show processes for producing hot rolled steel sheets in case of three-stage cooling at 

50 the cooling table according to the present examples and comparative examples, shown in Fig. 6. 

Nos. 48 to 53 relate to examples of the present invention, where high yield ratio-type, hot rolled high 
strength steel sheets excellent in both of formability and spot weldability could be obtained and their 
surface states were found better. 

Nos. 54 to 56 relate to comparative examples, where No. 54 had a higher cooling rate at the second 

55 stage than the upper limit, resulting in failure to attain such a relation as V F /d F £ 20, and not less than 5 % 
of retained 7 having grain sizes of not more than 2um could not be obtained, and, as a result, the strength- 
ductility balance, uniform elongation, secondary workability and toughness were deteriorated; No. 55 had a 
lower cooling rate at the third stage than the lower limit, resulting in the formation of pearlite, and not less 
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than 5 % of retained 7 having grain sized of not more than 2um could not be obtained, and, as a result, the 
strength-ductility balance, uniform elongation, enlargeability, bendability, secondary workability and tough- 
ness were deteriorated; No. 56 had higher cooling end temperatures (cooling rate shift temperatures Ti and 
T 2 ) at the first and second stages, respectively, than the upper limits, resulting in failure to attain such a 
5 relationship as V F /d F £ 20, and not less than 5 % of retained y having grain sizes of not more than 2um 
could not be obtained, and, as a result, the strength-ductility balance, uniform elongation, secondary 
workability and toughness were deteriorated; No. 57 had a lower finish-rolling ultimate strain speed than the 
lower limit, resulting in failure to attain such a relation as V F /d F £ 20, and not more than 5 % of retained 7 
having grain sizes of not less than 2um could not be obtained, and, as a result, the strength-ductility 
t'j balance, uniform elongation, secondary workability and toughness were deteriorated. 

Even in the steel species.G-L, R-V and X of Table 2, high yield ratio-type, hot rolled high strength steel 
sheets having excellent formability and spot weldabiiity together and a good surface state could be obtained 
according to the same processes of the present invention. 

As is apparent from the foregoing, various practical cases and parts can be made available only 
r. according to the present invention with combined characteristics. 

Evaluation of the characteristics has been made according to the following procedures: 

Tensile tests were carried out according to JIS No. 5 to determine tensile strength (TS), yield strength 
(YP). yield ratio (YR = 100 x YP/TS), total elongation (T.EI), uniform elongation (U.EI), and strength-ductility 
balance (TS x T.EI). 

?o Enlargeability or hole expansibility was expressed by an enlargement ratio (d/d 0 ), determined by 
enlarging a punch hole, 20 mm in diameter (initial diameter : d c ), with a 30' core punch from the flash-free 
side in measure a hole diameter (d) when a crack passed through the test piece in the thickness direction, 
and obtaining the ratio (d/d D ). 

Bendability was determined by bending a test piece, 35 mm x 70 mm, at a 90- V bending angle with 

25 0.5 R at the tip end (bending axis being in the rolling direction), while making the flash existing side outside, 
and non-occurrence of cracks, 1 mm or longer, was expressed by a round mark "O". and the occurrence 
by a crossed mark "X". 

Secondary workability was determined by crushing a cup which was shaped from a punched plate 
(punch hole: 90 mm in diameter) at a drawing ratio of 1.8, at -50 °C and non-occurrence of cracks was 
30 expressed by a round mark "O" and the occurrence by a corssed mark "X". 

Toughness was expressed by a round mark n O" when the test piece was satisfactory at a transition 
temperature of -120°C or less, and by a crossed mark w X n when not. 

Spot weldabiiity was determined by parting a spot-welding test piece into two orignial pieces by a 
chisel and non-occurrence of breakage inside the nugget (portion melted at the spot welding and solidified 
3 5 thereafter) was expressed by a round mark "O" and the occurrence by a crossed mark "X". 

Surface state was visually inspected, and a very good surface state was expressed by a double round 
mark "(Q) n and a good surface state by a round mark "O". 

Industrial Applicability 

In the present invention, a hot rolled high strength steel sheet having combined characteristics not 
found in the prior art, that is, a hot rolled high strength steel sheet having an excellent formability, a high 
yield ratio and an excellent spot weldabiiity, can be stably produced at a low cost, and applications and 
service conditions can be considerably expanded. 

Claims 

A high yield ratio-type, hot rolled high strength steel sheet excellent in both of formability and spot 
weldabiiity, characterized by containing 0.05 to less than 0.16 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0% by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
Fe being the main component, as chemical components, being composed of three phases of ferrite, 
bainite and retained austenite as microstructure, and having a ferite grain size (d F ) of not more than 
5um, a ratio (V F /d F ) of ferrite volume fraction (V F ) to ferrite grain size (d F ) of not less than 20, a volume 
fraction ol retained austenite having a grain size of not more than 2um being not less than 5 %, and a 
yied ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength x total elongation) of 
not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d c ) of not less than 1.4, and a uniform 
elongation of not less than 15 % as characteristics. 
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A high yield ratio-type, hot rolled high strength steel sheet excellent in both of formability and spot 
voidability, characterized by containing 0.05 to less than 0.16 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0% by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and 
inevitable elements, as chemical components, being composed of three phases of ferrite, bainite and 
retained austenite as micro-structure, and having a ferite grain size (d F ) of not more than 5um, a ratio 
(Vp/dp) of ferrite volume fraction (V F ) to ferrite grain size (d F ) of not less than 20, a volume fraction of 
retained austenite having a grain size of not more than 2um being not less than 5 %, and a yied ratio 
(YR) of not less than 60 %, a strength-ductility balance (tensile strength x total elongation) of not less 
than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d D ) of not less than 1.4, and a uniform elongation of 
not less than 15 % as characteristics. 

A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1 .4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 
weight of C f 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, in an 
end temperature range of Ar 3 ± 50* C at an entire draft of not less than 80 % and an ultimate pass 
strain speed of not less than 30/second, conducting cooling at a hot run table at a rate of not less than 
30 " C/second, and conducting coiling at a temperature of more than 350 ° C to 500 • C. 

A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1.4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 
weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al, and 0.005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by 
weight of REM, the balance being Fe and inevitable elements, as chemical components, in an end 
temperature range of Ar 3 ± 50 *C, at an entire draft of not less than 80 % and an ultimate pass strain 
speed of not less than 30/second, conducting cooling at a hot run table at a rate of not less than 
30 • C/second, and conducting coiling at a temperature of more than 350 • C to 500 • C. 

A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1 .4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 
weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, at an 
end temperature of not less than Ar 3 -50 *C, at an entire draft of not less than 80 % and an ultimate 
pass strain speed of not less than 30/second, conducting cooling at a hot run table down to a 
temperature Ti in a range of not more than Ar 3 to more than An at a rate of less than 30° C/second, 
and from Ti downwards at a rate of not less than 30° C/second, and conducting coiling at a 
temperature of more than 350 • C to 500 • C. 

A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d D ) of not less than 1.4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 
weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
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weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al; and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by 
weight of REM, the balance being Fe and inevitable elements, as chemical components, at an end 
temperature of not less than Ar3-50*C, at an entire draft of not less than 80 % and an ultimate pass 
5 strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 

in a range of not more than Ar3 to more than An , at a rate of less than 30 * C/second, and from Ti 
downwards at a rate of not less than 30 'c/second, and conducting coiling at a temperature of more 
than 350 *C to 500 'C. 

io 7. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1.4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 

75 weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 

weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al, Fe being the main component, as chemical components, at an 
end temperature of not less than Ar 3 -50*C, at an entire draft of not less than 80 % and an ultimate 
pass strain speed of not less than 30/second, conducting cooling at a hot run table down to a 

20 temperature Ti in a range of not more than Ar3 to more than An at a rate of not less than 
30 'C/second, and from Ti downwards at a rate of less than 30" C/second, and furthermore from a 
temperature T 2 in a range of not more than Ti to more than An and downwards at a rate of not less 
than 30 • C/second, and conducting coiling at a temperature of more than 350 * C to 500 • C. 

25 8. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength -ductility balance (tensile strength 
x total elongation) of not less than 2.000 (kgf/mm 2 .%). an enlargement ratio (d/d G ) of not less than 1.4 
and a uniform elongation of not less than 15 %, and an excellent spot weldability, characterized by 
conducting a finish-rolling of a slab prepared by casting a steel containing 0.05 to less than 0.16 % by 

30 weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by 
weight of Si and Mn in total, not more than 0.02 % by weight of P, not more than 0.01 % by weight of 
S, and 0.005 to 0.10 % by weight of Al, and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by 
weight of REM, the balance being Fe and inevitable elements, as chemical components, at an end 
temperature of not less than Ar 3 -50*C, at an entire draft of not less than 80 % and an ultimate pass 

35 strain speed of not less than 30/second, conducting cooling at a hot run table down to a temperature Ti 
in a range of not more than Ar 3 to more than An at a rate of not less than 30 "C/second, and from Ti 
downwards at a rate of less than 30 * C/second, and furthermore from a temperature T 2 in a range of 
not more than Ti to more than An and downwards at a rate of not less than 30° C/second, and 
conducting coiling at a temperature of more than 350 • C to 500 • C. 

40 

9. A high yield ratio-type, hot rolled high strength steel sheet having excellent in formability, characterized 
by containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by 
weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more than 0.02 % by weight 
of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, Fe being the main 

45 component, as chemical components, being composed of three phases of ferrite, bainite, and retained 
austerite as microstructures, and having a ferrite grain size (d F ) of not more than 5um, a ratio (V F /d F ) of 
ferrite volume fraction (V F ) to ferrite grain size (d F ) of not less than 7, a volume fraction of retained 
austerite having a grain size of not more than 2um being not less than 5 %, and a yied ratio (YR) of not 
less than 60 %, a stregth-ductility balance (tensile strength x total elongation) of not less than 2,000 

50 (kgf/mm 2 . %), an enlargement ratio (d/d c ) of not less than 1.1, and a uniform elongation of not less than 
10 % as characteristics. 

10. A high yield ratio-type, hot rolled high strength steel sheet having excellent in formability, characterized 
by containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight of Si, 0.5 to 3.0 % by 

55 weight of Mn, more than 1 .5 to 6.0 % by weight of Si and Mn in total, not more than 0.02 % by weight 
of P. not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, and 0.0005 to 0.01 % 
by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and inevitable elements, 
as chemical components, being composed of three phases of ferrite, bainite, and retained austerite as 
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microstructures, and having a ferrite grain size (d F ) of not more than Sum, a ratio (Wp/dp) of ferrite 
volume fraction (V F ) to ferrite grain size (dp) of not less than 7, a volume fraction of retained austerite 
having a grain size of not more than 2um beig not less than 5 %, and a yield ratio (YR) of not less than 
60 %, a strength-ductility balance(tensile strength x total elongation) of not less than 2,000 (kgf/mm 2 . 
5 %), an enlargement ration (d/d Q ) of not less than 1.1, and a uniform elongation of not less than 10 % as 

characteristics. 

11. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
lormability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 

m x total elongation) of not less than 2,000 (kgf/mm ? .%), an enlargement ratio (d/d Q ) of not less than 1.1, 

and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 
prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 

>s Fo oeing the main component, as chemical components, in an end temperature range of Ar3 ± 50 °C at 

an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table at a rate of not less than 30°C/second, and conducting coiling at 
a temperature of more than 350 °C to 500 *C. 

?o 12. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
fnrmahility such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 . %), an enlargement ratio (d/d Q ) of not less than 1.1, 
and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 
prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 

25 of Si. 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 

than 0.02 % by weight of P. not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al. 
and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and 
inevitable elements, as chemical components, at an end temperature range of Ar 3 ± 50 * C at an entire 
draft of not less than 80 % and an ultimate pass strain speed of not less than 30/second, conducting 

30 cooling at a hot run table at a rate of not less than 30 "C/second, and conducting coiling at a 
temperature of more than 350 ° C to 500 • C. 

13. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 

35 x total elongation) of not less than 2,000 (kgf/mm 2 . %), an enlargement ratio (d/d Q ) of not less than 1.1, 
and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 
prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 

40 Fe being the main component, as chemical components, at an end temperature of not less than Ar3 - 
50 °C, at an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 
30/second, conducting cooling at a hot run table down to a temperature Ti in a range of not more than 
Ar 3 to more than Ari at a rate of less than 30* C/second, and from Ti downwards at a rate of not less 
than 30 * C/second, and conducting coiling at a temperature of more than 350* C to 500 ° C. 

45 

14. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d G ) of not less than 1.1. 
and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 

50 prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 
of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and 
inevitable elements, as chemical components, at an end temperature of not less than Ar3 -50 • C, at an 

55 entire draft of not less than 80 % and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table down to a temperature Ti in a range of not more than Ar 3 to more 
than An, at a rate of less than 30* C/second and from "H downwards at a rate of not less than 
30 • C/second, and conducting coiling at a temperature of more than 350 * C to 500 • C. 
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15. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d D ) of not less than t.1, 
and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 

5 prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 

of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
Fe being the main component, as chemical components, at an end temperature of not less than Ar3 - 
50 °C, at an entire draft of not less than 80 % and an ultimate pass strain speed of not less than 

70 30/second, conducting cooling at a hot run table down to a temperature Ti in a range of not more than 

Ar 3 to more than Ari at a rate of not less than 30° C/second, from Ti downwards at a rate of less than 
30 • C/second, and furthermore from a temperature Tz in a range of not more than Ti to more than An 
and downwards at a rate of not less than 30* C/second, and conducting coiling at a temperature of 
more than 350 • C to 500 • C. 

75 

16. A process for producing a high yield ratio-type, hot rolled high strength steel sheet having an excellent 
formability such as a yield ratio (YR) of not less than 60 %, a strength-ductility balance (tensile strength 
x total elongation) of not less than 2,000 (kgf/mm 2 .%), an enlargement ratio (d/d Q ) of not less than 1.1, 
and a uniform elongation of not less than 10 %, characterized by conducting a finish-rolling of a slab 

20 prepared by casting a steel containing 0.16 to less than 0.30 % by weight of C, 0.5 to 3.0 % by weight 

of Si, 0.5 to 3.0 % by weight of Mn, more than 1.5 to 6.0 % by weight of Si and Mn in total, not more 
than 0.02 % by weight of P, not more than 0.01 % by weight of S, and 0.005 to 0.10 % by weight of Al, 
and 0.0005 to 0.01 % by weight of Ca or 0.005 to 0.05 % by weight of REM, the balance being Fe and 
inevitable elements, as chemical elements, at an end temperature of not less than Ar 3 -50*C at an 

25 entire draft of not less than 80 %, and an ultimate pass strain speed of not less than 30/second, 
conducting cooling at a hot run table down to a temperature Ti in a range of not more than Ar3 to more 
than An at a rate of not less than 30* C/second, from Ti downwards at a rate of less than 
30 • C/second, and furthermore from a temperature T 2 in a range of not more than Ti to more than An 
and downwards at a rate of not less than 30 'C/second, and conducting coiling at a temperature of 

30 more than 350 * C to 500 ° C. 

17. A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in both of 
formability and spot weldability according to any one of Claims (3) to (8), characterized in that the hot 
finish-rolling initiation temperature of the steel is not more than Ar 3 + 100*C. 

35 

18. A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in both of 
formability and spot weldability according to any one of Claims (3) to (8), characterized in that after the 
coiling the steel sheet is cooled to 200 ■ C or less at a cooling speed of not less than 30 * C/hour. 

40 19. A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in 
formability according to any one of Claims (11) to (16), characterized in that the hot finish-rolling 
initiation temperature of the steel is not more than Ar 3 + 100 ° C. 

20. A process for producing a high yield ratio-type, hot rolled high strength steel sheet excellent in 
45 formability according to any one of Claims (11) to (16), characterized in that after the coiling the steel 
sheet is cooled to 200 • C or less at a cooling speed of not less than 30 • C/hour. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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